H eart transplantation provides remarkable improvement of quality of life and survival in selected patients with advanced heart failure. However, the number of heart transplant procedures is limited by donor availability. 1 The Organ Procurement and Transplantation Network (OPTN), through a contract with the United Network for Organ Sharing (UNOS), has proposed, implemented, and updated policies that direct allocation of donor organs in the United States. UNOS has strived to create allocation policies based on algorithms that prioritize patients with the highest mortality risk in the period preceding transplantation. 2 Despite these policies and the multiple interventions aimed at increasing donor heart availability, mortality on the transplant waiting list remains considerable.
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Left ventricular assist devices (LVADs) are increasingly used to improve hemodynamic status in patients with advanced heart failure awaiting heart transplantation. [8] [9] [10] [11] The efficacy and risk profile of these devices have been further confirmed by postmarket approval data. [12] [13] [14] However, first-generation pulsatile-flow (PF) LVADs were associated with significant device-related complications, including device failure and suboptimal long-term outcomes. 8, 9 Mortality risk was high during the first 3 weeks after PF-LVAD implantation (15%-30%), 2 and based on these data, a 1999 UNOS thoracic organ allocation policy revision allowed listing of LVAD patients in the high-urgency 1A status if the device had been in place for <30 days, with indefinite intermediate-urgency 1B status listing thereafter. Additional modification in 2002 allowed physicians to use 30 days of 1A status time at their discretion at any point after LVAD implantation. 2, 15 Advances in mechanical circulatory support (MCS) technology, specifically the introduction of the new-generation, smaller, and more durable continuous-flow (CF) LVADs, have further reduced the morbidity and mortality of advanced heart failure patients in need of LVAD bridging to transplantation. [11] [12] [13] [16] [17] [18] These encouraging results, along with continued donor organ shortage and recent data suggesting that LVAD bridging is no longer associated with increased mortality after transplantation, 19 resulted in a substantial increase in the use of LVADs for bridging to transplantation. 1, 7, 14 In view of these results, it has been questioned whether the allocation advantage given to patients bridged with LVADs is still justified. 15 In this study, we sought to quantify the differences in risk of mortality and mortality or delisting as a result of worsening clinical status between LVAD-supported and medically managed candidates listed in the various urgency statuses of the heart transplant waiting list.
Methods
Data Source and Study Population
UNOS/OPTN provided deidentified patient-level data from the Waiting List Registry (data source No. 412012-2). These data included all heart transplant candidates registered on the waiting list between September 1985 and December 2011. There is 1 record per waiting list registration, and each record includes the most recent follow-up information, including patient survival, inactivation, and delisting reported to OPTN. Data entry by all US transplant centers has been mandatory since the passage of the National Transplantation Act of 1984.
We included adult candidates (age ≥18 years) registered for single-organ, primary heart transplantation between January 1999 and December 2011. The study cohort was divided on the basis of patient UNOS status at the time of last follow-up, transplantation, death, or delisting and the need for MCS with a durable LVAD (regardless of UNOS status) at the time of listing. The following 5 groups of patients were the focus of our analysis: medically managed candidates in (1) high-urgency UNOS status 1A, (2) intermediateurgency UNOS status 1B, and (3) low-urgency UNOS status 2 and candidates requiring circulatory support with (4) PF-LVADs and (5) CF-LVADs. Durable LVADs are the most common type of assist device used for bridge to transplantation; therefore, among candidates requiring MCS, these patients were the main focus of our analyses. For completeness, patients who required support with biventricular assist devices (BIVADs), total artificial heart (TAH), and temporary extracorporeal VADs were also included in this analysis. For patients whose status on the waiting list changed, the cumulative time spent throughout the listed period in the status that was reported last was used for the analysis. Patients requiring implantation of an LVAD while on the waiting list were also included in the study but were assigned to their respective medically managed UNOS status groups. Patients without an LVAD who were listed for transplantation in an inactive status and remained inactive; patients with an unknown type of assist device and those registered after December 2, 2011 (to allow a minimum follow-up of 3 months) were excluded.
Two eras were defined within the study period. The first era included candidates registered between January 20, 1999, and April 20, 2008 , and the current era included candidates registered between April 21, 2008 , and December 2, 2011. The era boundaries were based on the following 2 events: The first era started on the day when a 3-tier allocation system (status 1 patients were subdivided into status 1A and 1B) went into effect, and the current era started on the day when the first CF-LVAD (HeartMate II) was approved by the Food and Drug Administration for clinical use in the bridge-to-transplant indication in the United States.
The primary outcome of our study was all-cause mortality on the waiting list. Some transplant candidates are removed from the waiting list when their clinical condition worsens and transplantation is no longer believed to be a good therapeutic option. Many of these patients die or are transitioned to hospice care soon after delisting. To ascertain that our results captured this clinical scenario, we designated as the secondary outcome of our study a composite end point of all-cause mortality or delisting as a result of worsening clinical status.
Statistical Analysis
Continuous variables were summarized as mean±SD and compared by means of ANOVA. Testing of normality and equal-variance assumptions was not performed before ANOVA because this test is known to be robust to both of these assumptions. 20, 21 Categorical variables were summarized as frequencies and percentages and were compared by the Pearson χ 2 test or, when <5 outcomes were expected per cell, by the Fisher exact test. The P values for pairwise group comparisons were adjusted for multiplicity by use of the Holm multiple-comparison procedure. Cumulative survival rates were estimated with Kaplan-Meier survival analysis and compared between groups by means of the log-rank test. 22, 23 The time to event was the amount of time spent in the listing status during which the patient was transplanted, delisted, or died. A death within 2 weeks of removal (resulting from any reason) from the waiting list, identified through Social Security Death Index data, was considered waiting list mortality and was included in the primary outcome. For the primary outcome of waiting list mortality, survival was censored at the time of delisting or transplant or at the last follow-up reported to UNOS for patients remaining on the waiting list. For the secondary outcome of death or delisting as a result of worsening clinical status, survival was censored at the time of transplantation or at the last follow-up reported to UNOS for patients remaining on the waiting list. Survival curves were constructed to illustrate multiple possible outcomes at any time after registration on the waiting list (competing outcomes) in the group of patients supported with durable LVADs: death, delisting as a result of worsening clinical status, delisting owing to clinical recovery, transplantation, and alive on waiting list.
The association of the different risk factors with hazard of the primary and secondary outcomes while on the waiting list was assessed separately by use of univariable Cox proportional hazards regression models. 24 The proportional hazards assumption of the Cox regression models was assessed graphically with log-log curves and was found to be adequately met. The models examined the effect of the following candidate characteristics present at registration on the heart transplant waiting list: age, sex, body mass index, ABO blood type, heart failure etiology, history of diabetes mellitus, tobacco use, serum creatinine, pulmonary artery pressures, pulmonary capillary wedge pressure, use of inotropes, dialysis, mechanical ventilation, TAH, BIVADs, temporary VADs, durable LVADs, and UNOS waiting list status. A multivariable Cox proportional hazards model was used to determine the independent effect of multiple risk factors on the hazard of the primary and secondary outcomes. Variables significant at the P<0.10 level in unadjusted analyses were considered for inclusion; only variables significant at the P<0.05 level on the basis of the likelihood ratio test were retained January 29, 2013 in the final model. UNOS waiting list status groups were included in all multivariable analyses independently of their significance level in univariable analyses. The 7 comparisons to the status 2 reference group were adjusted for multiple comparisons by use of the Holm procedure. Hazard ratios (HRs) and 95% confidence intervals (CIs) were generated for both univariable and multivariable analyses as measures of strength of association and precision, respectively. A 2-tailed value of P<0.05 was considered statistically significant. All analyses were performed with STATA software, version 12 (StataCorp LP, College Station, TX).
Results
There were 33 390 adult candidates registered for single-organ primary heart transplantation in the United States during the study period. We excluded transplant candidates who required MCS but the type of assist device was unknown (n=107) and registrations without an assist device that remained inactive on the list (n=210). In total, 33 073 patients met the inclusion criteria and comprised our study group. Of these, 23 217 candidates were registered in the first era and 9856 were registered in the current era.
Baseline Characteristics
Among the 23 217 heart transplant candidates registered in the first era, 5699 (24.5%) were status 1A, 7154 (30.8%) were status 1B, and 7585 (32.7%) were status 2. Circulatory support with durable LVADs was required in 2146 patients (9.2%), with most devices being PF-LVADs (84%). Other types of VADs were used less frequently and included TAH in 46 patients (0.2%), BIVADs in 295 patients (1.3%), and temporary VADs in 292 patients (1.3%). In the current era, the proportion of candidates registered as status 1A (28.3%) and 1B (31.8%) remained similar, whereas the percentage of status 2 patients decreased substantially (18.4%). The proportion of patients supported with durable LVADs doubled in the current era: 1763 patients or 17.9% were supported with mostly CF-LVADs (89%). The use of biventricular support with TAH (0.4%), BIVADs (2.4%), and temporary VADs (0.8%) remained infrequent. The distribution of VAD types and brands used in both eras is presented in the Table I of the online-only Data Supplement.
Baseline characteristics of the study groups, recorded at registration on the heart transplant waiting list, are summarized in Table 1 . Although between-group comparisons for most baseline characteristics were statistically significant, the following were the most clinically relevant differences: Patients supported with LVADs were more likely to be male, had higher body mass index compared with status 1A and 1B listed patients, and were more likely to be of blood group O, particularly in the current era. Patients with restrictive and congenital heart disease were less likely to be supported with an LVAD compared with other groups. Patients on LVAD support in the first era were more likely to require support with mechanical ventilation and dialysis compared with the rest of the groups, and these differences were less pronounced in the current era. Patients on CF-LVAD support during the current era were less likely to be hospitalized or to require critical care and required inotropes or dialysis less frequently compared with other groups and LVAD patients from the first era.
Outcomes
First Era: January 1999 to April 2008 During this period, 3730 patients died while on the heart transplant waiting list, which represented a mortality rate of 2.9%/mo. Among patients without MCS, mortality of status 1A patients was the highest (21.8%/mo), mortality of status 1B patients was 4.6%/mo, and mortality of status 2 patients was the most favorable (1.2%/mo; Figure 1A ). Waiting list mortality in patients with PF-LVADs was 4.5%/mo, which was similar to that of status 1B patients (4.6%/mo; P=0.71). Mortality of patients with PF-LVADs was significantly higher compared with that of status 2 patients (4.5%/mo versus 1.2%/ mo; P<0.0001) and lower than mortality of status 1A patients (4.5% versus 21.8%; P<0.0001). CF-LVADs were used infrequently in the first era, and the waiting list mortality of this group was 2.5%/mo ( Figure 1A ). The overall incidence of the secondary outcome of death or delisting for worsening clinical status was 3.2%/mo, and the differences between the groups mirrored the primary outcome results ( Figure 1B ). The incidence of the composite end point was similar in patients with PF-LVADs and status 1B listed patients (5.0%/mo versus 5.2%/mo; P=0.4). Patients listed in status 1A had the highest event rate (23.2%/mo; P<0.0001 for comparison with all groups), whereas patients in status 2 had the lowest rate of the secondary outcome (1.5%/mo). The event rate in patients with CF-LVADs was 2.8%/mo. The results of the univariable analyses for both outcomes (Table II of the online-only Data Supplement) were confirmed in multivariable Cox regression analyses that included the variables detailed in the Methods section (Table 2) .
Biventricular and Temporary Support
Patients with other forms of MCS-TAH, BIVADs, and temporary VADs-had a markedly (3-to 16-fold) increased risk of the primary and secondary outcomes compared with status 2 listed candidates ( Table 2) . Waiting list survival and survival free from death or delisting as a result of worsening clinical status in patients with the various forms of MCS are presented in Figure 2 .
Current Era: April 2008 to December 2011
Waiting list mortality decreased significantly in the current era compared with the first era: 2.1%/mo versus 2.9%/ mo (P<0.0001). In patients without MCS, the listing status still discriminated well the risk of waiting list mortality: 9.6%/mo in status 1A, 2.6%/mo in status 1B, and 1.0%/mo in status 2 patients (P<0.0001 for all comparisons; Figure  3A ). CF-LVADs were the most commonly used devices for bridging to transplantation in this era. The waiting list mortality in the CF-LVAD group was 1.0%/mo, similar to the mortality rate of 1.0% in the low-urgency status 2 patients (P=0.62). Results of a univariable analysis of waiting list mortality are shown in the Table III of the online-only Data Supplement. After adjustment for variables detailed in the Methods section with a multivariable Cox regression analysis (Table 3) , mortality risk in patients bridged to transplantation with CF-LVADs was no longer higher than in the low-urgency status 2 patients; in fact, there was a trend toward lower mortality risk in CF-LVAD-supported Diabetes mellitus, n (%) 1432 (25) 1759 (25) 1784 (24) 460 (25) 93 (28) To ascertain that these results were not influenced by delisting of patients whose condition worsened while awaiting transplantation, we evaluated the composite outcome of waiting list mortality or delisting as a result of worsening clinical status. The composite outcome occurred with an incidence rate of 2.8%/mo. The incidence rate was 11.7%/mo in status 1A patients, 3.4%/mo in status 1B patients, and 1.4%/mo in status 2 patients (P<0.0001 for all comparisons). The incidence rate of the composite outcome in the CF-LVAD group most closely approximated status 2 patients (1.4%/mo versus 1.4%/mo; P=0.93; Figure 3B ). Only a minority of patients were bridged with PF-LVADs in the current era, and the rate of mortality or delisting in this group was similar to that of status 1B patients (3.2%/mo versus 3.4%/mo; P=0.79). The results of a univariable (Table III of the online-only Data Supplement) and a multivariable Cox regression analysis for the composite outcome (Table 3) confirmed the favorable risk profile of CF-LVADs, and similarly to the primary outcome, candidates with CF-LVADs had a trend toward lower risk of the secondary outcome compared with status 2 candidates in the current era (HR=0.81; P=0.08).
Biventricular and Temporary Support
Heart transplant candidates requiring support with BIVADs (HR=5.00; P<0.0001) and temporary VADs (HR=7.72; P<0.0001) had the highest risk of death compared with status 2 and other candidates in the current era. Patients requiring TAH had a >2-fold increase in mortality risk, but this did not reach statistical significance (HR=2.36; P=0.14; Table  3 and Figure 4A ). For the composite outcome, candidates requiring the use of BIVADs (HR=5.31; P<0.0001) and temporary VADs (HR=8.53; P<0.0001) had the highest risk of death or delisting as a result of worsening clinical status. Similar to the primary outcome, support with TAH resulted in a trend for an increased risk of death or delisting compared with status 2 candidates (HR=2.56; P=0.11; Table 3 and Figure 4B ). LVAD Listing, Status 1A and 1B Subgroups LVAD-supported patients are afforded a 30-day period of 1A status listing and, if not transplanted, are then downgraded to 1B status. It would appear that the risk of an adverse event on the waiting list during status 1A and 1B time would be similar in these LVAD-supported patients; therefore, we approached these patients as 1 group. To confirm that our assumption of risk was correct, we compared the risk of the primary and secondary outcomes in LVAD-supported patients during their status 1A and 1B time. There was no difference in survival free from the primary and secondary outcomes during LVAD patients' status 1A and 1B listings in the first era ( Figure I of the online-only Data Supplement) or the current era ( Figure II of the online-only Data Supplement). The risk remained similar after adjustment in a multivariable model.
Listing Status Upgrade Resulting From Device-Related Complications
For patients with MCS-related complications, the UNOS allocation algorithm allows status 1A (high-urgency) listing to expedite transplantation. Such complications are defined by the OPTN policy as objective medical evidence of significant device-related complications (thromboembolism, device infection, mechanical failure, or life-threatening ventricular arrhythmias). Each such listing is reviewed by UNOS staff for appropriateness and has to be recertified by an attending physician every 14 days if extension of the status 1A listing is requested. Listing upgrade resulting from complications other than thromboembolism, device infection, mechanical failure, or life-threatening ventricular arrhythmias results in a review by the UNOS Heart Regional Review Board, which votes to approve or disapprove the listing upgrade. 25 We also evaluated the risk of the primary and secondary outcomes in the candidates whose status was upgraded to status 1A owing to LVAD-related complications. In the first era, the status of 616 LVAD-supported candidates (29%) was upgraded to 1A as a result of LVAD-related complications. Compared with LVAD-supported candidates without a complication, these patients had higher rates of death (7.4%/mo versus 5.8%/mo; P=0.04) and death or delisting (8.3%/mo versus 6.3%/mo; P=0.02; Figure 5 ). However, in multivariable analysis considering variables detailed in the Methods section, the risk of death (HR=0.89; 95% confidence interval, 0.69-1.14; P=0.36) and death or delisting (HR=0.96; 95% confidence interval, 0.76-1.22; P=0.75) was similar between candidates listed with and without LVAD-related complications. In the BIVAD indicates biventricular assist device; CF-LVAD, continuous-flow left ventricular assist device; CI, confidence interval; CMP, cardiomyopathy; HR, hazard ratio; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; PF-LVAD, pulsatile-flow left ventricular assist device; TAH, total artificial heart; and UNOS, United Network for Organ Sharing. HRs, 95% CIs, and P values were generated by use of a Cox proportional hazard analysis. Multiple-group comparisons were adjusted by use of the Holm procedure. current era, 491 candidates (28%) were upgraded to status 1A because of LVAD-related complications. Patients with complications had higher rates of death (2.3%/mo versus 1.2%/ mo; P<0.0001) and death or delisting (2.7%/mo versus 1.3%/ mo; P=0.0008) compared with patients without LVAD-related complications ( Figure 6 ). These results were confirmed in multivariable analysis, in which candidates listed in status 1A as a result of an LVAD-related complication had a higher risk of death (HR=1.47; 95% confidence interval, 1.00-2.18; P=0.05) and death or delisting (HR=1.75; 95% confidence interval, 1.26-2.42; P=0.001) compared with candidates without an LVAD-related complication. In fact, their risk for both outcomes was now similar to that of status 1B listed candidates (P>0.38 for both comparisons; Figure 6 ). Survival free from listing status upgrade because of LVAD-related complications and the hazard function for such an upgrade in the current era are shown in Figure 7 .
Competing Outcomes
To better illustrate the changing outcomes of LVAD-supported patients on the transplant waiting list, we display the different competing outcomes in Figure 8 . In the first era, 83% of LVAD-supported patients at 180 days of listing and 80% of LVAD-supported patients at 365 days achieved a positive outcome of survival to transplantation, continued LVAD support, or delisting resulting from clinical recovery ( Figure  8A ). The outcomes were more favorable in the current era, in which 94% and 91% of the LVAD-supported patients were transplanted, continued on LVAD support, or delisted as a result of clinical recovery at 180 and 365 days ( Figure 8B ). BIVAD indicates biventricular assist device; CF-LVAD, continuous-flow left ventricular assist device; CI, confidence interval; CMP, cardiomyopathy; HR, hazard ratio; PAP, pulmonary artery pressure; PF-LVAD, pulsatile-flow left ventricular assist device; TAH, total artificial heart; and UNOS, United Network for Organ Sharing. HRs, 95% CIs, and P values were generated with a Cox proportional hazard analysis. Multiple-group comparisons were adjusted by use of the Holm procedure. The proportion of patients undergoing transplantation by 180 days in the current era was lower (46%) than in the first era (57%), and the number of patients who were not transplanted but remained alive on continued LVAD support at 180 days was higher in the current era (48% compared with 25% in the first era). The number of patients delisted as a result of worsening clinical status (1%) or clinical recovery (<1%) remained constant, whereas waiting list mortality of LVADbridged patients decreased by nearly 70% in the current era (16% versus 5%; P<0.01).
Discussion
This study evaluated the impact of MCS on heart transplant waiting list outcomes in an era of technological improvement and greater experience in the management of patients with VADs. The main finding of our study is the demonstration of markedly improved waiting list mortality and morbidity of heart transplant candidates bridged with durable LVADs in the current era. The mortality and morbidity risk in patients bridged with durable CF-LVADs is now similar to that in the status 2 listed patients (lowest priority). However, we also show that LVAD-supported transplant candidates whose status on the waiting list is upgraded as a result of an LVAD-related complication have a risk of mortality and mortality or delisting that is markedly higher compared with LVAD-supported candidates listed without complications and with status 2 listed patients. Interestingly, the proportion of patients who are listed in status 1A because of an LVADrelated complication is high and has remained without significant change between the 2 eras; 28% of LVAD-supported patients in the current era are listed in status 1A because of a device-related complication.
In the current era, the hazard of LVAD-related complications is highest early after listing for transplantation and nadirs at 80 days, after which it appears to again gradually increase ( Figure 7) . Patients requiring biventricular support and temporary VADs continue to have a very high risk of adverse outcomes on the waiting list.
Since its inception, OPTN/UNOS has strived to maintain a fair and balanced organ allocation system by prioritizing organ allocation to patients with the highest risk of death while waiting for a donor organ. Our analyses from the first era confirm the pertinence of the indefinite 1B status listing afforded to the LVAD-bridged candidates by the UNOS policies at the time. The use of the first-generation PF-LVADs was associated with reduced mortality in heart transplant candidates with a very high risk of death and allowed these patients to reach heart transplantation. The risk of death or delisting of these LVAD-supported candidates remained significant, however, and our study shows that this risk was similar to that of status 1B candidates without MCS. Assessment of more recent outcomes shows that waiting list mortality of patients bridged with CF-LVADs after 2008 has decreased significantly and is below the waiting list mortality of status 1B candidates not supported with LVADs. In fact, the waiting list mortality of CF-LVAD-supported patients without serious LVAD-related complications now is similar to the mortality of low-urgency status 2 transplant candidates. The impact of improving outcomes in LVAD-supported transplant candidates on reducing the wait-list mortality has been important. For illustration, the overall waiting list mortality has decreased in recent years, and much of this effect was attributed to the broader organ regional sharing implemented by UNOS in 2006. 26 It is likely, however, that LVAD use has also contributed significantly to this trend; our findings show that the reduction of waiting list mortality in LVAD-bridged patients in this time frame (4.1%/mo to 1.2%/mo, a 71% reduction) has been far larger than in patients without MCS (2.6%/mo to 2.3%/mo, a 12% reduction).
The improved waiting list survival of LVAD-supported candidates is a remarkable achievement that affords positive outcome to patients who would have been at a high risk of mortality in the past. Technological advances, expanding clinical experience with mechanical assist, and refined patient selection approaches have all contributed to the better outcomes and to the fact that more patients are now being considered for LVAD support. 1, 27 However, with these uniformly positive developments, we are also faced with a question of whether the current UNOS heart allocation algorithm remains equitable. 15, 28 Our data suggest that this question is multifaceted. For patients who require biventricular support and support with pulsatile or nondurable mechanical assist devices, the adverse outcomes on the waiting list remain high. Therefore, affording high-urgency status to these patients appears appropriate. The markedly improved wait-list mortality for patients bridged with CF-LVADs raises new considerations. Should the risk of mortality on the waiting list be the sole determinant of the allocation priority? If the answer is yes, then the current UNOS allocation system would appear to be outdated because patients with LVADs might have an advantage over patients at a higher risk of wait-list mortality, including those who may not be LVAD candidates. Along these lines, there have been suggestions to revise the UNOS allocation algorithm and possibly align it more closely with the Eurotransplant allocation system, which does not grant high-urgency status to LVAD-supported heart transplant candidates unless a device-related complication occurs. 15, 29 In contrast, our data indicate that this approach might not necessarily improve outcomes on the UNOS waiting list. LVAD implantation often transforms a sick patient at very high risk of wait-list and posttransplant mortality into a good transplant candidate with improved organ function and nutritional and physical condition, so transplant in this favorable situation may be of the most benefit. Our data show that almost 30% of LVAD-supported transplant candidates develop a complication that justifies a higher-urgency status listing and that, once this occurs, the risk of death or delisting is markedly increased. Some of these complications (eg, stroke) may also have long-lasting effects on patient quality of life after transplantation. If, as a result of a change in the organ allocation algorithm, LVAD-supported patients were to remain on the waiting list for a longer period of time, the cumulative incidence of device-related complications would likely increase (Figure 7) . Thus, the intent and the considerable expense that were dispensed to get an ill patient to transplant eligibility through the implantation of an LVAD could be negated, and the recent improvements in waiting list outcomes could be jeopardized.
Another consideration is that any organ allocation change is expected to result in changes in clinical decisions. It is conceivable that, if LVAD-supported patients were not given allocation priority, physicians and patients might opt to delay LVAD implantation for as long as possible in hopes of increasing the probability of receiving a heart transplant in high-urgency status on medical management. This, however, may expose the patients to higher risk of dying or becoming ineligible for transplantation (as our data for 1A and 1B status patients would suggest). In addition, those who decompensate on medical therapy may more likely require emergent LVAD implantation, increasing the risk profile of this group as well. These arguments would support continuation of the current allocation algorithm without change.
We recognize that there are limitations to our study. This was a retrospective analysis of a nationwide clinical registry. Although UNOS data collection is rigorous and undergoes periodic audits, some errors in data entry may be present. LVAD-specific morbidity outcomes and hospitalization data were not available and thus could not be contrasted with the morbidity outcomes and hospitalization rates of medically supported patients on the waiting list. Data on duration of LVAD support before registration on the waiting list were not available. Therefore, we were not able to accurately assess the effect of LVAD support duration on the risk of death. The Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) profile for the patients in our study was not available; therefore, we were unable to explore the effects of this characteristic on evaluated outcomes. Some patients who were already active on the waiting list later received mechanical assist devices. We assigned these patients to the medical therapy group because that was the original intent at the time of listing. Patients who underwent VAD implantation but died or had significant complications precluding their relisting contributed to the primary and secondary outcomes of the medical treatment groups. Patients who were relisted for transplantation with an LVAD in the current era had an exceptionally good outcome: waiting list mortality rate of 0.74%/mo and mortality or delisting rate of 1.0%/mo. For completeness, we performed ancillary analyses with the group of patients requiring LVAD placement while already on the waiting list. We determined that this study group assignment did not change the results of the study (data not shown). Finally, the prevalence of conditions that would preclude LVAD implantation such as significant right ventricular dysfunction or certain forms of congenital heart disease could not be determined from this registry. We are aware that not all the questions raised can be answered by our study. Nevertheless, as an allocation change is being considered, we believe our analysis provides important insights that can help inform policy.
Conclusions
Mortality and morbidity have decreased in patients awaiting heart transplant in the current era. Although the current allocation system accurately reflects the risk of mortality in medically managed patients awaiting heart transplantation, the issue of the most appropriate allocation priority in MCSsupported patients remains complex. Contemporary heart transplant candidates supported with CF-LVADs have the lowest risk of adverse outcomes while on the waiting list. However, serious LVAD-related complications occur frequently and are associated with an increased risk of death or delisting in these patients. Furthermore, transplant candidates requiring temporary and biventricular support represent a group at the highest risk of adverse outcomes on the waiting list. These results provide important information that can be helpful in guiding future allocation changes involving the complex and urgent topic of transplant prioritization. CMP=cardiomyopathy; PAP=pulmonary artery pressure; PCWP=pulmonary capillary wedge pressure; PFLVAD=pulsatile-flow LVAD; TAH=total artificial heart; UNOS=United Network for Organ Sharing. Hazard ratios, 95% CI and p values were generated using a Cox proportional hazard analysis. Multiple group comparisons were adjusted using the Holm procedure. CMP=cardiomyopathy; PAP=pulmonary artery pressure; PCWP=pulmonary capillary wedge pressure; PFLVAD=pulsatile-flow LVAD; TAH=total artificial heart; UNOS=United Network for Organ Sharing. Hazard ratios, 95% CI and p values were generated using a Cox proportional hazard analysis. Multiple group comparisons were adjusted using the Holm procedure. 
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